INTRODUCTION
Under the current managed float exchange rate system; the central bank may respond to an exchange market disequilibria by changing either the international reserves or the exchange rates. Under such a regime, a major policy difficulty is the interaction between exchange rate policies and monetary policies. The monetary authorities intervene in the exchange market in response to undesired fluctuations in exchange rates, 1 could adversely affect monetary control and move the economy away from internal target such as price stability. Under such a policy dilemma, fully sterilised intervention 2 involves a pure swap of foreign and domestic assets, which have not effect on the money supply, received greater attention by the policy-makers in early 1980s, particularly, through the experience of West Germany [Obstfeld (1983) ]. Ideally, it provides an independent policy tool to deal with the exchange rate without affecting the internal policy targets.
Moreover, it is argues that fully sterilised intervention insulate domestic policies completely from balance of payments considerations. Further, the effects of intervention on exchange rates are close to zero if intervention is completely sterilised. Given this conviction, it is hard to see why the central bank would intervene in the foreign exchange market and sterilised completely at the same time [Neumann (1984) ]. It is further argued that sterilisation is capable to move exchange rates through either a portfolio or signaling channel. In developing countries, an intervention may not be used purely to stabilise exchange rate but to reduce its impacts of volatile exchange rates on price level.
In this paper, we specifically investigate how State Bank of Pakistan's interventions respond to exchange rate shocks in terms of the degree of sterilisation and its effectiveness on limiting the monetary impact of shocks and how foreign exchange reserves respond to changes in domestic credit. Previous empirical evidence, inter alia, Kouri and Porter (1974) ; Argy and Kouri (1974) ; Ujiie (1978) ; Connolly and Taylor (1989) and Kit Pasula (1994) measured the degree of sterilisation by utilising the simple monetary model of the balance of payments under the fixed exchange rate system.
Since 1973 the literature has stressed the importance of including the exchange rates and foreign interest rates as determinants of money demand. Tower (1975); Arango and Nadiri (1981) ;
3 McNown and Wallace (1992) ; Bahmani-Oskooe and Rhree (1994); Bahmani-Oskooe (1996) and Bahmani-Oskooe and Techaratanachai (2001) have shown the existence of a relationship between money demand and exchange rates. 4 Similarly, Arango and Nadiri (1981) and Booth and Chawdhury (1992) have stressed the importance of foreign interest rates as a determinant of money demand because of its effects on the desired stock of real cash balances and exchange rate expectations.
The objective of this paper is to estimate the domestic credit policy reaction function to determine the degree of sterilisation by combining the monetary model of the balance of payments and the recent developments in the money demand literature 5 by employing Johansen (1988) multivariate cointegration technique for Pakistan.
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The reminder of the paper is organised as follows: Section 2 briefly describes the State Bank of Pakistan (SBP) sterilisation policy. Section 3 contains the model specification. Section 4 discusses the data description, econometric methodology and empirical results while summary and some concluding remarks are given in the final section.
STERILISATION POLICY OF THE STATE BANK OF PAKISTAN
In recent years, 7 there is a sharp improvement in the SBP foreign exchange inflows. This increase in foreign exchange inflows placed upward pressure on the 3 They argued that a depreciation of the domestic currency increases the value of foreign securities held by domestic individuals. If this increase is perceived as an increase in wealth, the demand for domestic cash balances may increases. Further, when the exchange rate is expected to depreciate the expected return from holding foreign money increases and the demand for domestic currency falls (as individuals substitute foreign money for domestic currency). value of the Rupee/Dollar exchange rate, which appreciated over 8 percent. The appreciation in the rupee value has been considerably larger if the SBP had not intervened in the interbank foreign exchange market, purchasing US dollar to prevent rupee from appreciating. 8 This massive injection of the rupee liquidity in the banking system by SBP has serious repercussions for the monetary policy, banking sector stability and inflationary expectations in the economy. Thus, it is necessary for the central bank to stabilise changes in foreign exchange reserves and intervene in the foreign exchange market simultaneously.
On post September 11, 2001, the foreign exchange reserves of the SBP sharply increased. Under this situation, the central bank attempt to prevent changes in net foreign assets from affecting reserve money by implementing offsetting changes in net domestic assets. During FY02, the retirement of Rs 287 billion worth of government securities with SBP more than offset the impact of SBP intervention in the foreign exchange market. Consequently, the growth of reserve money was held down to 9.6 percent despite sizeable foreign exchange purchases of SBP 9 . During the first quarter of FY03, SBP purchased 1.28 billion US dollar from foreign exchange market that led to an equivalent injection of Rs 67 billion. Meanwhile, the government raised Rs 127 billion from commercial banks and used these funds to retire SBP debt. In overall terms, SBP holding of Government of Pakistan (GOP) securities fell by Rs 78 billion (see Table 1 ). This includes a total of Rs 10.7 billion worth T-bills that were off-loaded via open market operations. The immediate cost of sterilisation will be the difference between falling SBP earnings from lower T-bills holdings and the returns on SBP investment of foreign currency reserves due to the falling T-bills rate. The fall in SBP profit led lower transfers to the government. Hence, the shortfall in government non-tax revenue receipts by at least Rs 20 billion. The SBP T-bill holdings declined for Rs 485 billion in June FY01 to Rs 119 billion in September 2002. This massive decline of Rs 366 billion is not entirely attributed to sterilisation. In fact, T-bills worth of Rs 197 billion were adjusted against special debt repayment account with SBP. This implies that T-bill holdings due to sterilisation alone actually fell by Rs 169 billion.
Thus we may conclude that given the nature of external shock that prompted abrupt foreign exchange inflows, there was a little option for SBP to intervene in the forex market, and sterilise its impact on monetary policy, banking system and inflationary expectations. Moreover, sterilisation policy always involves direct costs, but the choice of sterilisation instrument simply shifts these costs on the concerned economic agents including the commercial banks, the SBP and the government.
MODEL SPECIFICATION
To examine the degree of sterilisation, it is necessary to derive a domestic credit policy reaction function. The reaction function can be derived from two equations, which summarise the monetary approach to the balance of payments.
In Equation (1), money demand (M d ) is a function of real income (Y) , real exchange rate (Q), domestic interest rate (i) and foreign interest rate (i * ). The parameters β 1 , β 2 , β 3 , β 4 are assumed to be constant elasticities and A a scale factor.
In Equation (2), money supply (M s ) is composed of money multiplier (k) of domestic (D) and foreign components (R) of monetary base. From Equation (2) 
Taking logarithms of Equation (3) we obtain
Using logarithms of Equation (1) and substituting in Equation (4) Where lower case letter represents the logarithms of variables involved in Equation (5), β 0 = lnA and m t is the logarithm of money multiplier and u t is the error term.
The coefficient of r t i.e. β 6 is called the sterilisation coefficient. It measures the thrust of monetary policy to sterilise the impact of international reserve flows on monetary base. The sterilisation coefficient ranging in value from zero (no sterilisation) to -1 (full sterilisation). If the sterilisation coefficient (β 6 ) is zero , then no sterilisation takes place. If β 6 = -1, sterilisation is complete. But when the results of regression are such that -1<β 6 < 0, sterilisation is conducted incompletely by the SBP. Equation (6) may be subject to simultaneous bias. However, using multivariate cointegration techniques, we can obtain unbiased long-run elasticities of the determinants of money demand and monetary base.
DATA DESCRIPTION, ECONOMETRIC METHODOLOGY, AND EMPIRICAL RESULTS
For the empirical analysis we employed quarterly data ranging from 1982Q3 to 2001Q2 Quarterly data of GDP (y) was not available, hence was generated quarterly observations from annual observations. 10 International reserve (r) excluded gold are defined in domestic currency. Domestic credit (d) Time series data on most of the macroeconomic variables tends to be nonstationary in levels. For meaningful results, the difference between the variable and its lag should be stationary. Generally, a nonstationay series becomes stationary when difference d, time is said to be integrated of order d; represented as X t ~ I (d), and combination of these variables are cointegrated when one or more linear combinations are detected.
In this study, Augmented Dickey-Fuller (ADF) test is used to determine the stationarity and degree of integration of the variables. Lagrange Multiplier (LM) test is used for the white noisiness of the residuals. The results of ADF test are reported in Table 2 . It appears from the Table 2 that, in levels all the variables are non-stationary while the first difference of these variables become stationary, indicating that Xt (= d, y, q, i, i*, m, r 
) ~ I(1).
To check for the linear combination between the variables the Jahonsen (1988) and Johansen and Juselius (1990) multivariate cointegration technique is used. To this end, two likelihood ratio tests based on trace of the stochastic matrix (λ-trace) and based on maximal eigenvalue of the stochastic matrix (λ-max) are used.
In the likelihood ratio tests, the null hypothesis that there are at most r (where r=0, 1……….7) cointegrating vectors is tested against the alternative of r+1 cointegrating vectors. The results of Table 3 indicate that the null hypothesis of no cointegration is rejected and there exit at most 6 cointegrating vectors based on λ-trace and at most 2 significant cointegrating vector based on λ-max. This implies that there exist a long-run relationship between domestic credit, real income, real exchange rate, domestic interest rate, foreign interest rate, money multiplier and international reserves. Table 3 Results of Cointegrating Analysis Series X t (= d, y, q, i, i*, m, r) Critical values come from Osterwald-Lenum (1992) . Also see Banerjee, et al. (1993) , Table 8 .7, p. 276. *, ** Indicate significant at 1 percent and 5 percent respectively. CV= critical values.
To determine the sign and magnitude of the long-run elasticities in Equation 6, the cointegrating vectors have been normalised on d. The normalised vector corresponds with the maximum eigenvalue and the results are reported in Table 4 . These result show that apart from real exchange rate all other variables are statistically significant at the 1 percent level of significance and possessed expected signs. The coefficient of international reserves (r) is positive and significant, indicating some sterilisation. The degree to which the SBP sterilises the foreign exchange reserves is equal to (1-β 6 ), which is approximately equal to 0.72. This implies that the SBP sterilises 72 percent of capital inflows during the period of study.
Estimation of Error-correction Model
The performance of the domestic credit policy reaction function can be improved by introducing short-run dynamic into the static model. According to Granger (1987) representation theorem, if a cointegrating relationship exists between a series of I (1) variables, then a dynamic error-correction representation also exists. The general form of the error-correction model can be written as 
where the error-correction term ε t is given by
φ reflects the speed of adjustment towards the long-run equilibrium value, which is determined by the normalised cointegrating coefficients given in the Table 4. All the variables in regression Equation (7) are I(1) stationary. Hence the conventional tstatistics based on OLS method can be used to derive inference on the magnitudes of the estimated coefficients.
Using Hendry's general to specific methodology (starting with 4 lags) Table  5 represents the parsimonious error-correction model, where the conventional tstatistics are given in parentheses. The results from the estimated error-correction model are presented in Table  5 . All the estimated coefficients are significantly different from zero at the 5 percent level of significance except the coefficient of changes in domestic credit lagged by two periods (∆d t-2 ). The error-correction term possessed expected sign and statistically significant. However, the size of the error-correction term is -0.10924, which implies that about 11 percent adjustment towards long-run equilibrium takes place in one quarter. The short-run elasticities are smaller than the long-run elasticities. Furthermore, the coefficient of foreign exchange reserves is -0.12486, which suggest that the SBP sterilises 88 percent of capital inflows in the short-run. Moreover, when the estimated values of ∆d t are fitted against the actual values, it perform well in terms of tracking the cyclical nature of the movements in Pakistan represented by the Figure 1 . The estimated error-correction model was found to be stable not only in terms of Chow forecast test but also in terms CUSUM of squares test. Figure 2 plots the CUSUM of squares of recursive residuals 2001Q4 1983Q1 1988Q1 1990Q3 1993Q1 1995Q3 1998Q1 2000Q3 The straight lines represent critical bounds at 5 percent significance level CUSUM of squares path lies within the bands, indicating no structural change at the 5 percent level.
SUMMARY AND CONCLUSIONS
In this study an attempt has been made to develop and estimate the domestic credit policy reaction function to analyse the monetary implications of interventions and sterilisation policy in Pakistan using quarterly data ranging from 1982Q3 through 2001Q2. By employing Johansen multivariate cointegration technique, this paper has considered the degree of sterilisation that the Pakistan has used in controlling capital flows.
The degree to which a change in international reserves affects domestic credit is measured by the coefficient β 6 . The rate at which the SBP sterilises international reserve flows is measured by (1-β 6 ) . The evidence suggests that Pakistan sterilises around 72 percent of international reserve inflows in the long-run while 88 percent in the short-run during the period of study.
